Carbon capture and storage (CCS) is a technology enabling to use fossil fuels in a sustainable way. Therefore, it attracts much attention from the industrial sector, government authorities and scientific community. However, public awareness of the technology is extremely low, and the studies of the lay people's opinion have been launched only during the last decade. Taking into account the role of public support during the implementation of CCS projects, the authors would like to present herein their review of materials on this subject published during 2002-2018 (135 articles). As part of our review, we determined 9 key aspects forming the public perception of CCS. For each of the key aspects, we summarized the available results of the studies. Apart from that, we compared the CCS current status in different countries and provided a number of reasons for involving new countries into the fight against global warming. This work shows that most attention is devoted to CO2 storage; whereas its capture and transportation are poorly studied in terms of public perception. Wider development is required for the methodology enabling a transition from global rhetoric concerning global warming issues to the implementation of particular projects, namely, CCS. The issues related to public awareness of CCS are studied rather thoroughly, but no recommendations are provided regarding the establishment of an optimal database for the lay people. Numerous assessments of general public perception have been carried out. However little attention was paid to the regions with active projects, namely, to the factors considered the most important by the local public, and how actual project results meet their expectations. Therefore, despite an extensive scientific base developed over 17 years, further studies should be aimed at filling the existing gaps. This will enable to improve CCS attractiveness for the public, including the cases when it is compared with alternative low-carbon technologies.
Introduction
Global warming is a widely known problem discussed since 1960 after publishing of the Manua Loa Observatory's monitoring results, Hawaii [1] . During the past half of the century, several solutions were proposed, one of them is the implementation of the carbon capture and storage (CCS) technologies. The CCS technology involves carbon capturing at industrial facilities (gas and coal-fired power plants, cement plants, etc.), and its storage in geological reservoirs (depleted oil fields, saline formations, coal beds), or further use in production (Carbon Capture and Utilization -CCU).
During recent years, the CCS projects have shown that they can be economically viable, providing certain conditions are created and they can reduce CO2 emissions [2] . Although, just a while ago, their large-scale implementation was out of the question due to insufficient knowledge, specific risks, capital intensity, inadequate regulatory and legal framework, and absence of efficient mechanisms for carbon markets management.
Even though several countries (for example, China, USA, Australia) have managed to overcome such negative factors; today, implementation of the CCS projects slows down due to insufficient support from the government [3] . Therefore, it is important to involve new countries in the CCS technologies studies, and their capability for a large-scale implementation of such projects, to restrain annual growth of CO2 emissions. This especially relates to the leading producers of CO2 emissions, such as Russia, where the CCS projects are not considered, even in scientific papers.
Assuming the fact that the CCS projects are efficient, the experience of early countries that adopted the technology shows that negative public perception could be one of the barriers for its large-scale implementation, as experts or politicians usually have a neutral or positive opinion [4] . This is reasonable not only for CCS but also for all environmental technologies in general, as humans that are the source of pollution. Industrial operations themselves would not produce such a negative impact on the environment if the persons taking decisions strived to find a balance between economic efficiency and environmental safety, which is one of the fundamental principles of sustainable development.
Today, despite the fact that the CCS projects are implemented in different countries, the available scientific background is focused on two issues: studies of the CCS public perception, sometimes, in the regions where no pilot projects are implemented, but the public interest exists [5] ; and global discussion related to the development of environmental technologies, namely CCS. At the same time, there is no connection between these two research groups, which would enable the transition from a global rhetoric to practice [6] .
5-7 years ago, CCS was a young technology, and the scientists had to rely on the achievements in the field of public perception of more mature technologies (mainly, nuclear energy [7, 8] ). Now the CCS technology has enough scientific background. Besides, until the present time, social studies, with some exceptions, were based on a predictive approach to the CCS public perception assessment. Today there is a long overdue need in the development of proactive social studies in this field focused on the justification of approaches providing an objective knowledge and creating a fair image of CCS technologies for public [9] , including the countries, where a CCS project is only prepared for implementation. Based on the above mentioned, we consider it logical to step back and consolidate available knowledge in this field.
Therefore, the purpose of this study is to formulate the main principles of the CCS public perception development based on the global experience in the technologies perception assessment and extend it with Russian point of view on this problem for further implementation. Practically speaking, this will enable to develop a system of proactive public relations for balancing interests of all stakeholders, to achieve higher project efficiency and to minimize protest risk after the project startup, caused by misconceptions of locals [10] .
The following part of this article includes 4 sections. Section 2 describes the selection of articles for the review, and distribution of scientific papers by various characteristics. Section 3 includes 10 subsections (Table 1 ) each of which is devoted to a separate group of factors that have the greatest impact on the public perception of CCS. The definition of these groups was carried out on the basis of preliminary analysis of the studies' results on the assessment of various factors impact on the public perception of CCS (see Appendix 1, column "Aim of the research"). Comparability and generalization of the results of these studies was possible because the key ideas underlying in most of them are interconnected. Section 4 has a similar structure to Section 3 and includes general outlook; and summary on each aspect of the CCS public perception. Section 5 highlights concluding remarks of the study and further research directions. They will be based on the results obtained herein.
Materials and methods

Studies selection
According to [13] , this study includes the following steps: search and selection of articles, data collection, literature review arrangement, reference list development, literature review writing.
Search for the literature on the CCS public perception were limited with the time interval of 2002-2018. This period covers all the history of such studies development. The articles were searched for in the databases Google Scholar (www.scholar.google.com) and Science Direct (www .sciencedirect.com). The inclusion of materials from Google Scholar (not included in the Science Direct) is explained by the fact that today many authoritative scientific institutions admit that high-quality research can be published in little-known journals, see [14] . Besides, the Science Direct indexes the most, but not all of the authoritative scientific journals. However, it should be noted that almost 90% of the selected materials were available in both databases.
For binary search, the following keywords were used: CCS, carbon capture and storage, CO2 geological storage, CCU, CO2 utilization; Table 1 . Structure of this article.
Subsection
Content and explanation
Awareness
In this subsection, we analyze the role of awareness in the CCS public perception. The subsection describes factors impacting on information sharing process, and possible ways of public awareness improvement. Public awareness of CCS implies the existence of fair knowledge about the nature of the technology, the causes, and consequences of its use, its strengths, and weaknesses, as well as benefits and risks.
Knowledge
Since CCS is not a thoroughly studied technology, we consider the problems of providing the necessary knowledge on its nature to the public. By knowledge, we mean the public ability to understand available information about global warming and climate mitigation technologies.
NIMBY CCS is analyzed in terms of its susceptibility to the NIMBY (Not In My Backyard) effect, which may be defined as "social rejection of facilities, infrastructure, and services location, which are socially necessary but have a negative connotation" [11] .
Benefits and risks perception The key factors influencing on benefits and risks perception are described, and the relation between this perception and public attitude towards CCS is analyzed. By benefits/risks perception we mean the subjective judgment that people make about the characteristics and significance of consequences (positive or negative, respectively) for themselves and their environment.
Socio-demographic factors
The subsection determines the role of sociodemographic factors in CCS perception development. Taking into account the specifics of large-scale environmental projects, as well as the strong dependence of CCS project implementation on the mood of local public, this section considers the following aspects related to the social and demographic characteristics of the population: age, gender, education level, religion, expectations and values of people, as well as mentality and cultural specific.
Willingness to pay for CCS Here we review the papers containing an assessment of public willingness to pay for energy rates growth due to the implementation of environmentally friendly technologies.
Trust
The subsection content can be described as follows: "trust is a psychological state comprising the intention to accept vulnerability based upon positive expectations of the intentions or behavior of another" [12] .
combined with public, perception, involvement, social, acceptance, communication, stakeholder, awareness. Selection of materials was based on the following mandatory requirements: language -English, scientific fields -social or economic studies, type -articles, review, reports. In total, 135 studies were selected. They are listed in the references among other materials added during the references development stage, and in Appendix 1. It should be noted that even a detail search in the abovementioned databases does not enable us to conclude that this study includes a complete review of all scientific works corresponding to the above requirements. In addition, the information was collected from the selected articles, and structured (Sections 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9 and 3.10) on the basis of the available experience in the field rather than stringent rules. Nevertheless, we believe that our review enables to analyze the most authoritative and important publications in this field, and achieve the goal of our study.
Studies distribution by sources, countries and years
This study reviews 135 articles related to the public perception of CCS technology. Nine factors ( Table 1 ) that influence public perception of CCS were identified for the analysis. Table 2 shows how many of the reviewed articles consider these factors. The distribution of factors by the articles is shown in Appendix 2.
The largest number of articles devoted to the influence of knowledge about the nature of CCS on the public perception, which is fair for almost all countries, because it is still little-known technology. The least number of references is accounted for NIMBY reaction and WTP (willingness to pay). On the one hand, this indicates the least degree of study of these issues. On the other hand, it is necessary to understand that these factors are part of the benefits and risks perception and they may simply not be highlighted in the reviewed articles.
In General, during 17 years, numerous materials were published in the field. This proves a high interest in this issue in the scientific community. Table 3 shows the distribution of the articles by countries and years. Active studies on the CCS public perception were launched during the last decade, and are implemented until now. One should also remember that 2018 is covered only partially herein. Cross-country research was presented as a separate group divided into countries as shown in Table 4 . Table 5 shows the distribution of the articles by sources. Most of the articles are concentrated in several journals. Firstly, this is the Energy Procedia as it publishes the results of the largest international conference "Greenhouse Gas Technologies". Secondly, this is the International Journal of Greenhouse Gas Technologies, which, as the name implies, specializes in greenhouse gas emissions. Other journals contain only a few articles on the subject, including 21 of 35 journals containing only one article. Figure 1 shows the distribution of the studies between three key elements of CCS: capture, transport, and storage. Many social studies are focused on the technology in general, and even in such studies, much attention is paid to CO2 storage, which is a sole subject of 18 scientific works.
Results
Awareness
Almost all modern studies of the CCS public perception highlight poor public awareness of global warming issues and CCS [15] ; although the level of general awareness has grown during the recent decades. Therefore, the first public reaction is usually negative [16] ; however the same can be said about any little-known technology characterized by certain risks [17] .
Recognizing this, the results show that in some regions the level of CCS public awareness is lower as compared with alternative green energy technologies. According to [18] , in Australia 77% of respondents know about CCS, in the Netherlands -84%, in Canada -61%, in Scotland -36%. It should be highlighted that a high public awareness in the Netherlands and Australia is explained by different reasons. In Australia, this is due to mass distribution of information on successful projects; whereas, in the Netherlands, this results from failure of the Barendrecht project, and the government's prohibition of the on-shore CO2 storages. This means that awareness does not show public acceptance of a project.
Despite such negative impression created by the information on closed projects, in most studies awareness is considered a basic condition for the CCS attractiveness improvement [19] . For example, characteristics such as "nature-like", which is widely used now in scientific literature and mass media, can have a positive impact on public perception [20] . In general, this literature review enables us to conclude that the efficiency of information distribution depends on several factors, which are usually reasonable regardless of the specific characteristics of the target audience.
First of all, it is worth emphasizing that the efficiency of information distribution among the local public depends both on the level of trust in the project stakeholders [21] , and the policy they are implementing (see Section 3.9); and on the quality of the presented information [22] . However, one should remember that the quantity of information is not equivalent to its quality. According to [23] , the provision of additional information has a positive influence on the CCS public perception; but if we overload people with information, we create a distorted interpretation of the technology risks and advantages. Therefore, the distributed public information should be thoroughly selected, and the materials based only on emotional components should be avoided [19] . Scientifically based facts proved with the world's practice should be preferred [24] .
Nevertheless, complete ignorance of emotional drivers of the CCS perception can be a mistake [25] , as people are not always ready to assess rationally the advantages and disadvantages of a certain solution [26] . Sometimes it is necessary to show the best practices implemented by the leading countries [27] . According to [28] , the most efficient sources of information on the CCUS projects are brochures describing project experience.
The brochures' effectiveness can be explained not only by the availability of information on active projects but also by the fact that they include a lot of graphics enabling people to understand complex concepts used in the CCS technology description [29] . For example, the paper [30] notes that storage is a special chain of CCS technology, which should be explained with illustrations, for instance, a picture of a sponge. This will help to avoid a wrong understanding of CO2 pumping into an underground reservoir, which is not similar to a balloon's inflation. However, we should remember that the ability to improve information perception with graphics is limited, and overloading of materials with illustrations can harm the perception of the text.
To minimize the risk of information overload, it should be reasonable to divide the information into separate parts and present them to the public one by one. However, if such activity is implemented in the form of training, then ensuring a required coverage can be a problem. A usually better understanding of the material is ensured with a small number of participants. Although there are successful examples of large groups training [31] . Nevertheless, for the purposes of public awareness raising at a national scale, such an approach will not be enough. This means that various information distribution methods should be used [32] with mass media support. Mass media have a strong influence on the perception of any new tendencies and technologies, and their relationship with the existing problems, although the degree of such influence depends on many factors [33] . In [34] we see that the opinion of one of the respondent groups has become negative when they read an article describing the risks and uncertainties of the IPCC Special Report related to these technologies. On the other hand, the second respondent group read the same information in the form of an information booklet, and their opinion has not become worse. This means that mass media is an efficient method of public opinion control. However, we should pay much attention to the content of the provided materials, their relevance, level of trust in their source, and methods of the information delivery [35] . For example, such activities as press releases raise significantly the level of local public awareness and interest [36] .
Another important issue is the assessment of public awareness of CCS, which is mainly based on questionnaires both for national and for local scale. Differences at these scales can be seen in the way the surveys are conducted. At the local level, it is possible to organize focus groups and workshops, where paper-and-pencil and face-to-face interviews could be conducted. At the national scale, as a rule, online tests and telephone surveys are used, which are carried out by specialized agencies. Obtained results are a valuable source of information that allows predicting future public opinion about CCS, for example, with using Theory of Planned Behavior.
Knowledge
The CCS understanding depends much on a public understanding of the global warming issues, CO2 emissions growth, and potential alternatives of the emissions reduction, as well as the potential of such activities for the economy [37] . Misunderstanding of the CO2 emissions concept creates the wrong idea about CCS technologies [38] .
In addition, the level of background knowledge and awareness of the CCS technology, before its public discussion involving more detailed information and various points of view, does not always show a probability of its approval or disapproval [39] . Nevertheless, when a person decides on the CCS approval/disapproval, a general level of knowledge and awareness plays an important role [40] .
At the same time, an organization of public discussions should include distribution of information concerning the technologies fundamentals, which can be described later, among as many members of the local public as possible [41] . This will enable to minimize the negative impact of the contradictory information from the Internet. We should also bear in mind the public's limited attention [30] resulting from a tremendous amount of information daily received. Therefore, the experts should make additional efforts to raise public interest in familiarization with the material. Without it, opinion polls will not produce the required results, as polling of the respondents who do not have minimum knowledge of the subject is not a reliable source of data [42] . If the target audience does not have the necessary knowledge about CCS, it is important to provide the information, which enables to look at such projects from different angles, including brief reviews of lowcarbon technology alternatives, their relation to the global warming issues [22] .
For instance, despite a detailed description of CCS, the information given in [43] was not exhaustive for people unaware of the low-carbon technologies, as this information showed only the opinion of NGOs, which disapproved the CCS implementation in Quebec. Several other materials show the same situation.
On the other hand, today, there are no CCS studies that enable to definitely determine a complete list of information materials required for the description of the whole situation and alternatives. Nevertheless, it is important to provide at least the data from various stakeholders, and on several alternative technologies to the respondents. This will enable to get reliable perception results. However, information overload can lead to the lay people's misunderstanding of the key issues [23, 44] . We can improve the understandability of the CCS materials by making comparisons with clear and obvious things, or natural events [34] .
The difficulty of objective CCS knowledge presentation can be explained by the fact that the technology has not been studied enough, for example, the issue of CO2 underground behavior at extremely high pressures and long-term migration. This can be a reason for misunderstanding. One of the most commonly held misconceptions is an idea that CO2 pumping into the underground reservoir is similar to balloon inflation [30] . Figure 1 . Distribution of the articles by technological stages. According to [45] , education in the CCS and global warming issues can be effective only if it is implemented before a person develops his own opinion on these issues. If a person has a certain idea of the CCS issues, in some cases, it will be rather difficult to change it [34, 46] ; but this is possible providing the necessary communication channels and approaches to the target audience are found [39, 47] . Nevertheless, it is believed that a change in the initial opinion about the CCS from negative to neutral, or positive, which occurs after such training, can be driven by a focus on certain CCS advantages, rather than a general description of the situation [42] .
Development of knowledge about CCS, global warming issues and alternative low-carbon technologies is a multifaceted objective, which can be complicated by false hopes and beliefs based on superficial knowledge on the subject. That is why stakeholders should use a proactive approach towards the provision of information on CCS development issues.
Not in/under my back yard
The NIMBY effect is produced by various factors, including the known risks, values and a sense of unfairness. The effect is a new concept for the CCS technologies, and, in general, it is a normal response to a potential hazard located near a permanent residential area.
The paper [48] shows that in Japan people were rather tolerant or neutral towards the CCS ideas and its role in the governmental programs on CO2 emission reduction until the moment when it comes to implementation of particular projects (before the accident at the Fukushima NPP). This is how the CCS comes in practice, and the risks and the public concerns become real.
The same is proved in [49] , but in relation to the cities of Alkmaar and Bergen. The research compared the public attitude to the CCS in general, and to the implementation of certain projects near their cities in particular. The results showed that most respondents understand much better the risks of local projects.
According to [9] , despite a high CCS approval rating, the same situation exists in China, where 48.4% of respondents would prefer if CO2 storage was located more than 100 km from their home, 23.9% of respondents approve the location of CO2 storage within a radius of 100 km, and only 3.5% approve a radius of 10 km.
Even in Australia, the world leader in the CCS technology development, the studies [50, 51] showed that 42% of 1273 respondents would be concerned if CO2 storage was located near their city, and the respondents (41%) also added that the CCS is a temporary solution for greenhouse gas emissions. Only 21% of respondents were confident in the technologies safety and strict control of the projects.
The analysis enables to conclude that there are no standard solutions guaranteeing the elimination of the NIMBY effect. Raising of public awareness, improvement of the technology image, provision of additional high economic incentives, and other similar methods can produce an opposite reaction and a suspicion that the stakeholders hide some important information on the real project risks.
Nevertheless, not everybody has the NIMBY reaction, and under certain conditions, it is possible to find a compromise. According to [52] , the NIMBY reaction can be mitigated by changing of separate CCS process stages. For example, respondents prefer the construction of a biogas-fired plant in their cities rather than a gas-fired plant. However, the reluctance to have CO2 storage and a pipeline system nearby remains. The results are similar to [53] , where, however, different results were obtained for a gas pipeline system, which did not bring a protest.
According to [54] , despite a rather high percentage of the NIMBY reaction in Indiana, the respondents' opinion was mitigated by a detail description of economic benefits from the project implementation near their residence, for example, job growth, fiscal loosening, and other economic incentives. At the same time, the information on such risks as CO2 leakage, induced seismicity, explosions, and groundwater contamination increased the NIMBY reaction dramatically. In addition, the reaction is increased when the local public does not approve their local authorities, and their project implementation policy. Eventually, this can lead to the loss of trust in other project stakeholders [55] and refusal to support the local project.
Whereas in Russia, speaking about a large-scale implementation of CCS-EOR, the NIMBY reaction is not such as acute issue due to the following factors. Firstly, there are quite many gas pipelines here now, and some of them are laid through the cities. Additionally, a heat supply system consists of pipelines. In other words, if people do not protest against existing similar infrastructure, then, probably, the risk of protest against CO2 pipeline will be minimal. Secondly, according to global practice, the most negative NIMBY reaction appears in the case of CO2 storage near residential areas. The most prospective oil fields for the CCS projects implementation are located in Siberia, far away from both large cities, and small settlements.
Benefits and risks perception
Benefits and risks are two sides of the same coin from the economic point of view. However, when we talk about social phenomena, such as public perception of CCS, factors impacting and depending on benefits and risks perception are different, although, for example, trust in stakeholders can impact on both of them [56, 57] . Besides, the strength of their impact on CCS perception is also different. According to [58, 59] and many other studies, benefits perception have a stronger impact on CCS acceptance, than risks perception, regardless of a serious concern about the immaturity of a storage technology [60] .
On the one hand, this means that it is necessary to focus on a description of positive aspects of the technology as they have the greatest impact on the public. On the other hand, it requires a detailed study of the information base related to the risks of CCS technologies, which are still not known completely. This uncertainty, along with insufficient knowledge about the physical-chemical properties of carbon dioxide [61] , strengthens a negative image of the CCS, which raises public concerns [62] and increases the likelihood of a protest potential [63] . Similar ideas are described in [34] , where it is stated that despite the prevailing impact of the project efficiency on general acceptance, such factors as the risk of CO2 leakage from the storage facility change the attitude to CCS technology. Similar conclusions were drawn in [64] , which states that it is the process risks that are of primary importance for the public.
Besides, there are examples where local incidents have a negative impact on the public perception of CCS. For example, the explosion of a gas pipeline in Belgium in 2004 increased public unrest in relation to the reliability of the CCS process chain, namely a transportation component [65] . A similar situation is observed in Japan, where until 2011 people were quite loyal to the offshore CCS and more concerned about on-shore projects. However, after the accident at the Fukushima NPP, people began to look more negatively at prospects of the on-shore and off-shore CO2 storage due to possible leakages caused by earthquakes [66] , although the overall CCS perception has changed insignificantly. In fact, the CCS risks are not significantly higher than those of other new technologies [4] ; however, due to insufficient development of the technology itself and the novelty of the geological CO2 storage technologies, which have appeared in some countries only recently, such risk generate there the same concerns that were observed in the pioneering countries at the beginning of the century [67] .
Contrary to the significant role of technical factors, the study [57] shows a significant impact of socio-cultural factors on the benefits and risks perception. And, in spite of the fact that the number of such factors can be very high, and they can vary depending on the region assessed, an attempt was made in [68] to identify the key ones:
-"risks perception: uncertainty avoidance, determined as "the extent to which members of society feel uncomfortable with uncertain, unknown, ambiguous, or unstructured situations" and society's shortterm or long-term orientation; -benefit perception: uncertainty avoidance, long-term orientation, and inequality of power distribution in society (power distance)".
The study [30] implemented in Switzerland also notes that, under certain conditions, concern about socio-economic factors has a stronger impact on the risks perception than technical factors. Concerning the analysis of socio-economic factors, we would like to highlight the work [69] , where the first attempt was made to reconcile the economic parameters of the CCS implementation and public perception. The authors managed to achieve two important results. Firstly, they showed that the CCS projects implementation could influence on the public (country) welfare. Secondly, they showed that a possibility to use CO2 could positively influence the national industry. In other words, only detail analysis of the technology risks and benefits will enable to take a balanced decision [70] .
Socio-demographic factors
Social sciences helped considerably to widen our understanding of the CCS projects risks. This is associated with different points of view on such risks existing among scientists, technical experts and community, especially people that live in the regions where projects are planned [71] , including the impact of social, cultural and demographic factors [72, 73] .
The socio-demographic group of factors is extremely large and, depending on the features of a particular group of people, the impact of individual factors on their perception of an idea can change. Despite this, this section describes some examples of the key socio-demographic factors influence on the perception of the CCS technologies.
According to [47] , in terms of the CCS public perception, an important role is played by personal perception, expectations, and values of people, rather than care of the national economy. In other words, during interaction with the public, we should, first of all, take into account their mentality [74, 75] and cultural specific [73] , and draw parallels between their personal needs and CCS global impact on climate change, see [76] . This enables us to draw a conclusion confirmed in [77] that interaction with the public should be carried out after a detailed study of their internal organization, specific motivating factors, expectations, and goals.
It should be noted that the age, contrary to expectations, is not a factor determining the CCS perception [50, 73] ; although, in some earlier studies, the perception of innovative energy technologies was associated with the age of respondents [78] . This can be explained by a popular opinion that a human conservatism increases with age. In general, it is obvious that people of different age groups have different thinking, and different approaches are required to influence them [79] .
We should also bear in mind that men are more likely to perceive new technologies and participate in their public discussion than women, which is confirmed by numerous studies [50] . Additionally, men have a more tolerant perception of the risks where the economic potential exists, while women are more concerned about safety [79] . The same is true for CCS technology, as shown in the national survey of UK residents [80] and some other studies. Similar ideas are outlined in [81] , which shows that masculine societies are much more focused on economic growth than feminine nations, which increases negative impact on the environment. These results enable us to state that cultural features play important role in the CCS perception, even when it comes to expert assessments [50] ; however, one cannot draw conclusions basing only on such factors.
Religion has also a certain influence on the CCS perception. For example, according to [82] , atheists have the most favorable attitude to the CCS as they do not believe in the afterlife. Christians are somewhat less loyal to CCS technologies; however, they are ready to support them if they have a positive effect on human well-being. Muslims demonstrate the most problematic CCS perception due to the peculiarities of their religious beliefs. In general, both Christians and Muslims have a low perception of the global warming issues and greenhouse gas emissions driven by their belief in the afterlife and divine intervention. The extremely limited number of publications in this field complicates the development of approaches to various religious groups, which is especially important for Russia, where there are representatives of many religions, and the predominant religions are Orthodoxy and Islam.
Religion determines a person's position in society and also determines its place in global trends. However, individual responsibility for reducing CO2 emissions is a little-discussed issue [83] . Although a lot of people understand the importance of energy conservation, recycling, and other environmental activities, there are clear problems with the establishment of a relationship between global warming and the daily life of a person, according to [84, 85] .
Quite the opposite results are shown in the paper [86] , where the discussion about the perception of geological CO2 storage, on the contrary, led to people's descriptions of their personal impact on the environment, and of the fact that the need for CO2 storage is associated with not enough sustainable ways of our life. On the one hand, such differences can be explained by the difference in the methods of discussions. On the other hand, the results, probably, were influenced by certain national factors, since [86] is a cross-country survey, however, there is no evidence of such dependence.
Perception of global warming issues, understanding of a human role in this process and development of an objective view of the low-carbon technologies prospects, including CCS, depend on the education of respondents [50, 64] . Therefore, probably, we should consider the implementation of an educational strategy for sustainable development that begins in school, and could be a part of a national "green" policy [87] .
Willingness to pay for CCS
Theoretically speaking, users of electricity may not care about what resources it is generated from, as it is a product with stable quantitative and qualitative characteristics, which often remain permanent. Additionally, in some regions, large power plants are located far from any cities, which enables to minimize their effect on the environment. However, there is a number of evidence of altruistic behavior of the lay people, so-called "Willingness to pay for CCS", i.e. voluntary consent of the public to electricity and/or heat rates increase for implementation of the CCS projects, in case of capturing CO2 at power generation facilities.
An objective fact is that at the stage of demonstration projects, the CCS should be implemented with substantial financial support from the state without charging people. However, large-scale distribution of the CCS technologies is closely associated with the public willingness to increase electricity rates, which can adversely affect the perception of the technology [88] .
According to [89] , in Germany, respondents were ready to pay 15.9% more for electricity in case of a 10% increase in the CCS power, and 26.3% more in case of a 10% increase in green energy; although these results differ from the studies conducted earlier [90] , which showed that 25% of respondents are willing to pay 1-5% more for energy produced from environmentally friendly sources, 16% of respondents are willing to pay 6-10% more. A significant proportion of the respondents either are not ready to pay more (33%) or could not give an exact answer (15%).
The [91] shows that, based on altruistic considerations, the Japanese are ready to pay a certain price for electricity from certain sources. For 1% growth of the renewables share in their energy consumption, they are willing to pay 11 yen, thermal power with CCS -4 yen, and 1% reduction of nuclear energy share -14 yen.
According to the research [24] conducted in the UK, 90.3% of respondents after the workshop on low-carbon energy technologies (88.6% before the workshop) are willing to pay maximum 50 pounds per quarter (2.2% of their monthly salary). In general, another research conducted in the UK [80] shows that people tend to be more negative about technologies that increase the electricity rates, which, along with certain CCS risks, is a significant barrier.
As for Russia, it is safe to say that willingness to pay will be much lower, because the average salary in the country is 39,000 rubles, which is equivalent to 446 pounds as of August 23, 2018 . In this regard, it is important to determine whether lay people are willing to allocate enough funds for large-scale implementation of projects, which largely depends on different technical, political and economic factors [92] .
Such results can also be useful in case of freedom in choosing an electricity supplier and can be an effective tool for an energy company to gain consumers' trust. In Russia, such a situation is possible in the central and eastern parts of the country, where there is no developed network of gas pipelines and there are various options for energy supply.
Willingness to pay can strongly correlate with willingness to accept [93] , which determines the importance of this aspect of public perception for the purposes of this study. If we have information about a potential project cost and the level of average salary in the region of the project implementation, we can preliminarily assess the prospects of the project approval by the local public.
Trust
Trust is an effective tool for the popularization of CCS, but only if the public understands the goals of the industry, NGOs and government authorities [49, 94] under the project, and these goals are not conflicting [63] . Otherwise, people will rely on their own judgments, philosophy [95] , knowledge and experience [96] , ignoring information from other sources.
The research [97] , based on the analysis of the opinions of 811 respondents from Barendrecht, shows that local residents had a negative attitude towards the current CCS project, as the town council and the respected local activist group "CO2isNee" could influence on the project implementation only to a small extent. Whereas the level of trust demonstrated by the local public in relation to the main project stakeholders (national government and Shell) was much lower. Partially, this resulted from the fact that they did not have enough experience of successful joint interaction, the importance of which was highlighted in [98] .
In view of this, we can conclude that there is a need for a proactive policy in the field of stakeholders' interaction with the local public, which should be launched before project implementation begins [99] . At the same time, in the context of globalization and information availability, this policy should be transparent and reliable, as any negative consequences of the project implementation in any country will immediately become available to the public [100] .
The experience obtained in Barendrecht also shows that the choice of trusted organizations also important. Such organizations can mediate between the local public and unknown project stakeholders. This will increase the level of the people's trust in the information received, and establish feedback for timely response to misunderstanding [38] . Similar results were obtained in the study [50] conducted in Australia. It showed that in all groups of respondents the Commonwealth Scientific and Industrial Research Organization (CSIRO) had the highest level of trust in comparison with other organizations (68.6%). The Australians also tend to trust scientists who are not working for the government, and the National Government by itself had only 20.4% of trust.
Denial of the fact that people demonstrate a higher level of trust in some organizations, and lower -in the others can lead to a denial of the proposed idea and technology importance [97] . In addition, in countries with a developed system of environmental NGOs, people can trust them more than the government and companies. According to [101] , people consider NGOs the nature protectors and people's servants, unlike companies, whose motives are not always clear to them [102] . Therefore, development of a public relations strategy needs the involvement of as many experts from the non-government sector as possible [64] .
The related ideas are also described in [101] , which shows that the level of public trust in the environmental arguments of the industry representatives is significantly lower in comparison with NGOs. However, the opposite is also true: the industry's arguments about the economic aspects of the project implementation are perceived better by the community than the NGOs' ones [103, 104] . Logically speaking, this perception can be explained by the fact that it is economically unsound for the industry to honestly and openly provide information, which poses a potential obstacle to its activities. Whereas the NGOs' purpose is to maximally reduce a human impact on the environment regardless of economic effects.
At the same time, the public trust implies its involvement in the implementation of the CCS project at the earliest stages [105] , and interaction with other stakeholders should include, but not limited to, risk communications, as confirmed by a number of projects in Canada and the USA [106] . This can have a positive effect on the public trust in the project stakeholders, although it does not guarantee support of the CCS technologies [107] . We should also note that competence trust in the CCS-related issues is an important factor [101, 108] , which requires the provision of certain proofs from stakeholders, and selection of such experts, whose opinion the public will consider [65] . Trust in experts in case of CCS technologies is much more important than in case of alternative low-carbon technologies, as the CCS effect is not apparent immediately; therefore, most lay people have to rely on the specialists' opinion on a positive long-term effect [64] .
As for the CCS implementation in countries where public awareness of such projects is minimal, it should be noted that, unlike the first CCS projects, today we have already experience of such projects implementation in the world practice. This can increase the attractiveness of the technology; however, it requires trust in the project stakeholders, who can adequately describe their experience, and prove that they can ensure fulfillment of their promises under the project [95] .
Acceptance and preferences between technologies
The studies of the public perception of CCS are aimed to identify the factors that influence its acceptance or rejection. According to [109] , acceptance by itself is a 'behavior that enables, supports or promotes an energy technology, in contrast, to open and expressed resistance to it, while acceptability is referred to as an attitude or evaluative judgment towards an energy technology'. However, the paper [110] shows that the terms "acceptance to" and "support for" are not equivalents in terms of environmental technologies. The former means a passive form of a technology approval (for example, approval of the corresponding research financing [111] ), while the latter implies active support of project implementation. This enables us to conclude that positive results of acceptance assessment mean not so much public support as its willingness not to protest against a project. Such a situation can be rather shaky, and result in mass protests, especially, if people are aware of the technology risks, and do not have enough information about its benefits [63] .
Development of a protest potential can originate from both the essence of the technology itself and the absence of alternative options that can be offered to people. In this regard, the studies aimed to compare the degree of support for various low-carbon technologies become important. For example, the paper [112] shows that having known advantages and disadvantages of the CCS, the respondents are inclined to compile a portfolio of several technologies, including the CCS, rather than choose one particular low-carbon technology. At the same time, in such energy portfolios, the CCS can take both a small [113] and a significant share [112] .
Many papers [9, 114, 115] note that renewable energy is better perceived by the public than the CCS, even after a detailed study of the technologies. However, most of these studies were carried out at the initial stage of the CCS establishment, when the world practice did not have enough project experience. For example, a survey of citizens in the USA, UK, Sweden, and Japan [116] showed that among a significant number of alternative low-carbon energy technologies, the CCS has one of the lowest priorities along with the nuclear power, although the number of overt opponents of the CCS is slightly lower. Today these results are not unambiguous and are refuted by a number of local and national studies.
Nevertheless, there are a number of factors that are still relevant for comparison of the CCS and renewable energy and cause public concern. According to [88] , a high proportion of respondents from different parts of the EU fear that the CCS development can lead to budget cuts and delay in the renewable energy development, which is more preferable [117] . It should be noted that the world scientific literature does not have any reliable evidence confirming such substitution, as these technologies are not interchangeable, although they are both aimed at the energy sector greening. However, it is possible to redistribute funds in case of refusal from the CCS technologies. In a number of studies, we can see also public concerns about the fact that the CCS will not enable to solve the problems of climate change and energy [16] , which can be neither proven or completely refuted at the current stage of their development.
Another study [118] conducted in China shows that alternative energy is slightly more preferable than the CCS. At the same time, the respondents believe that CCS perception can be improved in comparison with the perception of renewable energy, if the government, industry, and NGOs take the following actions: strengthen international cooperation, organize public events and training workshops, develop regulatory framework for the industry control, and develop a system of incentives for various stakeholder groups.
Another area of studies is the assessment of the CCS perception with account to changes in conditions of individual process stages implementation [113] . For example, the paper [53] shows that coal-fired power plants are less preferable than biomass power plants, or capture at industrial plants. Another paper [52] shows that using a biogas-fired plant as a capture facility is more preferable than using a gas-fired plant. In general, public preferences related to capturing facilities are explained by not so much the CCS technology issues as the problems of the existing energy infrastructure. Nevertheless, this factor also impacts on general and local acceptance of the CCS projects.
The paper [53] shows that the type of CO2 storage selected under the CCS project is also important for people. Thus, CO2 storage in depleted oil fields is more preferable in comparison with storage in saline formations. This fact enables us to consider the option of providing economic incentives to local public funded with the profit from the implementation of the project. This approach can slightly increase a payback period of the projects, but, at the same time, it will increase the likelihood of support from local residents.
There are also examples of a reaction when the CCS idea itself is supported by the respondents; however, when it comes to particular options of its implementation, for example, as part of gas and coal power plants, public preferences can change to negation [119] . We should note that the opposite situation can also happen. The paper [120] describes a significant work done to improve the public perception of CCS under the Otway Project. According to the authors, one of the reasons for public approval is its favorable attitude to the development of the gas infrastructure.
Additionally, in recent years, the studies related to CCS and CCU comparison have begun to develop. According to [26] , people tend to prefer beneficial use of CO2, rather than its storage in sub-seabed or saline formations. However, in the context of socio-economic studies, the issues of effective CO2 usage should be considered with due caution. Firstly, CO2-EOR, despite the "storage" stage, implies an economic effect obtained by increased mining rate, which is not always communicated to the respondents. Secondly, practical implementation of many CO2 usage alternatives, such as methanol or fuel production, is impossible under current conditions due to the immaturity of the technologies and extremely competitive market.
For instance, despite a small number of respondents and the university-based nature, the paper [121] determines some results obtained for the public perception of possible alternatives to geological CO2 storage. Thus, the most preferred way of CO2 usage is methanol production, whereas the most efficient process chain of CCS-EOR is perceived as one of the worst alternatives, second only to the CCS without the beneficial use of CO2.
Despite a number of methodological issues, such studies are up-todate and required for determination of public preferences. They are also useful for creating a general image required for some people to understand the CCS technologies [122] ; otherwise, they will search for information about alternative uses of CO2 in unreliable, and often inconsistent Internet sources [62] .
During the review of scientific papers related to the comparison of CCS with alternative low-carbon technologies, we would like to note that in early studies the technologies are widely compared with the nuclear power because they have similar risk levels. Today scientific papers do not use this single comparison. Firstly, this is explained by the fact that the CO2 storage phase alone arouses serious concerns due to insufficient knowledge, although the CCS has not yet led to cataclysms, unlike nuclear power plants [123] ; therefore discussions about their risks are much more of theoretical nature. Capture, transportation and beneficial use of CO2 are generally perceived by the public either neutrally or positively.
Secondly, over the past 10 years, much progress has been made in the studies related to technology safety, and a lot of experts, whose opinion the lay people consider, have appeared. Despite the fact that up to now the information on the CCS projects safety is not exhaustive, this enabled to develop a scientific framework, which, to a certain extent, overlaps other environmental technologies, but remains independent. Although there are some exceptions, for example, the paper [80] compares the perception of wind energy, nuclear energy, and CCS. And, while a decided preference for wind energy over the other alternatives was quite predictable, the choice of nuclear energy as a safer technology than the CCS was unexpected.
Governmental Policy and Interaction between stakeholders
Being an innovative technology, the CCS can be developed only with support from the state, which will enable these technologies to establish at the market [124, 125] . Comparison of the CCS projects public perception in 4 USA states [126] showed that a confident governmental policy of greenhouse gas emissions reduction and provision of information on the problem importance to the public enabled to receive a more favorable attitude from the citizens during the survey, in spite of the fact that they expressed their concerns about economic, technical and political risks. The paper [127] also notes that the state policy in the field of CCS development should be developed for a long term, as its presentation as an interim measure can negatively affect its perception, both by the public and other stakeholders. In the absence of such policy, even the interest in the implementation of the projects expressed by numerous stakeholders cannot produce the expected positive result.
According to [104] , there is little difference in perception of the global warming issues by the CCS stakeholders from different industries and organizations. The survey included 142 respondents (North America, Europe, Japan) from the power industry, oil and gas companies, NGOs, government and educational organizations, as well as a number of other carbon-intensive industries. The results showed that global warming issues and CO2 emissions growth are urgent global problems, which is difficult to solve with the available technologies. At the same time, most respondents believe that such environmental technologies as CCS will find ways for a large-scale expansion during the next 10-20 years due to the presence of important drivers of their development. The same situation was observed in the field of renewable energy at the end of the last century when the cost of renewables was much higher than the cost of traditional energy. However, active state support in a number of countries enabled to reduce the renewable energy generation cost multifold, and achieve a large-scale implementation [128] .
Consequently, one of the key challenges to improving public perception of the CCS is the consolidation of the government, industry and NGOs' efforts [129] . However, an organization of such interaction based on the principles of transparency and openness [130] is a much more labor-intensive process than the interaction of one of the stakeholders with the local public, due to different points of view on separate elements of the project [126] . The public perception directly depends on the effectiveness of interaction with stakeholders, and how they share responsibility [131] , and also whether they have similar expectations about the potential effect of the project implementation [108] . For example, the paper [132] notes a clear skepticism of the local community about the company building a CO2 pipeline, as its impact on the residents' life has not been clarified. Nevertheless, this disapproval could be mitigated by providing the local people with comprehensive information on the fulfilled safety measures, and a detailed description of the impact that has the gas pipeline construction on living conditions.
In addition, according to [101] , the public tends to trust political decisions if they are sure that all stakeholders had an opportunity to express their opinion on the project, and their interests were not restricted. Public discussions of the CCS technologies enable to show a socio-economic and technical nature of such projects [133] , as well as the fact that these technologies are one of the possible steps to reframing the society's energy policy and a long-term transition to clean energy [84] .
According to [134] , the public discussions based on the equality of votes and freedom of expression have a positive influence on the perception of a particular technology and enable to formulate a package of measures that will increase its attractiveness, as well as assess uncertainty and some risks related to the technology implementation [62] . At the same time, if government authorities, as well as the neighboring countries, implement an active policy in this area, the issue also takes a political context [135] , which can strengthen public trust due to the importance of collaborative decisions.
In Russia, the government is actively pursuing a policy of import substitution due to the imposed sanctions. In particular, it covers also renewable energy, where a regulatory and legal framework was developed to enable renewables to occupy a dominant position on the energy market. However, due to insufficient interaction between individual stakeholders, Russia lacks production capacities to achieve these goals, and the public is not involved in the implementation of clean energy projects. Such factors challenge the effectiveness of clean energy longterm development [136] .
Cross-country outlook
The difference in the national context of CCS perception is formed under the influence of numerous factors, ranging from geographical location and ending with the experience of the public interaction with the state and large energy companies. Accordingly, the main objective of this section is to review similarities and differences in the trends of the CCS public perception.
The CCS perception can have a pronounced national context. For example, in some countries of Western Europe [26] , and in the USA [137] , people are quite loyal to the seabed CO2 storage. The same situation is observed in the Nordic Region, where the CCS on-shore projects failed under the public influence [135] . On the other hand, in North America, the situation is the opposite, and people prefer on-shore storage facilities.
Another example of different CCS perception due to national differences is the NGO's of Norway and Germany. The former actively support CCS as an efficient method of the fight against global warming. The latter criticize these technologies because of potential risks and low efficiency of common storage methods [72] .
The factors determining risk and benefit perception also differ. According to the study [138] conducted in Switzerland, the key factors are socio-economic factors related to the unsustainable nature of individual stages of the CCS technology. Probably, this is determined by the national internal policy and energy strategy, which is aimed at the reduction of the nuclear power share. As part of this process, the transition to gas-fired power plants can be an intermediate stage of sustainable development, which involves also CCS.
In contrast to [138] , according to the study [57] conducted in Canada, level of trust in the state authorities, companies and NGOs has maximum impact on the risk and benefit perception. Despite various impacting factors determined by the national context of technology development, the technology perception is favorable in Canada, providing certain government support [139] , and in Switzerland.
In Canada, this can be explained by the fact that one of the drivers of the national economic development is fossil fuels, especially in such provinces as Alberta and Saskatchewan. In other words, people have already got used to the presence of mining companies and transport systems, which is a positive factor for the public support of CCS development. This fact is confirmed in [140] , which shows that the CCS is perceived more loyally in those regions where mining companies have been actively operating already, in particular, oil and gas companies. On the one hand, this is a way to improve the environmental situation in the region, and, on the other hand, it will increase the economic efficiency of the industry in the region.
China produces the largest portion of the global CO2 emissions and has a number of CCS projects on its territory. At the same time, the paper [64] notes that a low level of awareness and limited attention to environmental issues characterize the lay people of China. These features adversely affect the CCS perception, although there is no apparent confrontation against this technology. The paper [9] shows that a large part of the respondents expresses a favorable opinion regarding the development of the state CCS support policy. Despite the absence of explicit public support, the Chinese government plans to develop new large CCS projects.
Australia is one of the world leaders in the development and promotion of CCS technologies [141] . This resulted from the governmental support and other stakeholders' interest in the implementation of the projects, especially those involving integration with the oil industry [142] .
Assessment of the expert opinion on the CCS perception in Spain carried out in [40] showed that this technology is favorably perceived an intermediate step in solving the global warming issues, regardless of a slight concern about the reliability of storage and costs of capture. The experience of CIUDEN's CCS project in Spain is one of the good examples of a proactive stakeholder policy accompanied by interaction with the local community. The paper [143] formulates a number of key factors, which enabled to achieve a high level of public support, for example, a highly qualified team, community engagement plan, identification of the local community needs, etc. In general, we can say that all these factors constitute a part of a detailed project implementation plan that takes into account the diverse needs of the local community.
In contrast to successful examples, there are a number of countries, where CCS has uncertain or minimal prospects due to the difference between the stakeholders' opinions. For example, in Finland, there is no a strong opposition against CCS, but there is no public support either as some stakeholders are not interested in the technologies application due to questionable indicators of their financial efficiency [72] . Additionally, there is no adequate regulatory framework that could increase the attractiveness of CCS technologies [144] , which have certain prospects for country development.
In Sweden and Denmark, the governmental authorities demonstrate considerable uncertainty towards these issues, and public perception remains poorly studied. However, both countries have a certain potential for the implementation of the CCS process stages [135, 145] .
The same situation is observed in Scotland, where the main CCS stakeholders are skeptical about the CO2-EOR projects, as unattractive and temporary [146] . At the same time, the Scottish people are loyal to almost any kind of activity [18] , which is also observed in Romania, where, according to [39] , even after a provision of negative information about the CCS, the technology perception has improved significantly.
In Poland, the local public demonstrates a positive reaction to the CCS projects, and expects a positive effect from their implementation, both for people and for their region in general [41, 107] , despite some skepticism about the location of CO2 storages on their territory due to certain risks of leakage. But, despite the public approval, CCS projects in Poland are not implemented, as there is no effective governmental support for this process.
The prospects for the CCS development in Vietnam are connected with the necessity to create financial incentives for the technologies implementation, for example, preferential taxation for land use, development of an integrated environmental policy, and availability of international cooperation and support from the countries experienced in the implementation of such projects [147] .
In France, CCS support is insignificant [148] , although there is no apparent confrontation against this technology. We would rather say that people are suspicious of CCS. This results from insufficient knowledge about separate process stages, and a great number of risks.
In the Netherlands, after the cancellation of the Shell Barendrecht project in 2010, which faced apparent and unexpected public confrontation, the CCS perception can be described as negative. Besides, the national government is pursuing an active policy aimed to restrain projects of geological CO2 storage.
In Japan, the CCS perception is, to a certain extent, related to the experience of nuclear power use. Recent catastrophes have strengthened the negative perception of CCS, and increased the attractiveness of renewable energy for the local public, as well as affected the perception of CCS projects. The public opinion about the prospects of on-shore and off-shore CO2 storage became more negative due to possible leakages caused by earthquakes; although the CCS ideas themselves do not produce a negative reaction [66] .
Among the countries, where CCS has faced apparent confrontation from the majority of stakeholders, including the public, Germany has the most noticeable experience. Such experience is described in many publications, which show that the German socio-economic and political situation itself is unfavorable for the CCS implementation [149] . This situation results from a popular view that CO2 emissions can be reduced by means of alternative energy, and also from a special political position of the coal industry [72] .
Some studies have also noted that large-scale development of CCS projects is economically unreasonable in the country [150] . The paper [39] also shows that whatever positive or negative information is provided to the respondents, they can change their opinion to the worse. This happened to the respondents from Germany, but not from other EU countries.
When comparing the perception of onshore and offshore CO2 storage [151] , many respondents from Germany could not choose an acceptable alternative, as they have a negative attitude to CO2 storage in general. At the same time, the Germans have a rather neutral opinion about the use of pipelines for CO2 transportation; although it is necessary to take into account the needs and socio-demographic characteristics of the local public in a particular area due to the NIMBY reaction [152] .
Nevertheless, the papers [125, 153, 154, 155] show that the perception of the German local community can depend on the objectives of a CCS project. Comparison of the two projects in Germany showed that when a project is implemented by a scientific institution that does not profit from the project (Ketzin), the public trust is higher than in the case when a project is implemented by an energy company (Vattenfall at Beeskow). At the same time, it is noted that in the second case, the public was not sufficiently informed about the details of the project, and did not have any opportunities to influence its implementation. It should also be noted that in Germany people are quite loyal to the technologies for the production of various products from CO2 (CCUS) [156] , which makes them similar to other EU countries, for example, the UK [157] .
Perhaps, there is a definite correlation between a sharply negative perception of various innovative technologies by the Germans (CCS, gene technology etc.), which have a number of uncertain risks. However, at the moment, there is no reliable confirmation of this correlation in the world scientific literature. At the same time, active resistance of the German stakeholders to the CCS projects provokes an opposite reaction in the scientific community, which can be seen in numerous publications.
Taking into account different status of the CCS projects in different countries [158] , we believe that an important factor of their further development is international cooperation, which would enable to combine efforts creating favorable conditions for the projects and adopt successful experience of other countries, for example, Australia [159] . Such cooperation can also appear to be an efficient tool for the development of the ideas for the environmental technologies introduction, and communicating them to the general public.
Summary
General review
Almost all of the reviewed articles consider two or more of the abovementioned factors, except 3 articles [3, 45, 69] , that consider only one factor. Table 6 shows the frequency of combinations of two factors: green (40 times and more), yellow (20-40 times), and red (less than 20 times). The smallest number of pairs is observed with WTP. However, this is not due to the isolation of this factor, but to a small number of articles in this area ( Table 2 ).
All reviewed articles could be divided into Qualitative (47 articles), Quantitative (83 articles) and studies with combined analysis (5 articles). The most commonly used data collection methods (Table 7) in these articles are online surveys (including one online focus group [62] ), interviews and organization of various sessions (mostly focus group discussions -14 articles).
The most common research methodologies (Table 8) are descriptive statistics and various types of parametric analysis (mostly regression analysis -33 studies). Only in three studies [69, 150, 163] , modeling elements based on ecological-economic indicators are used. It should be noted that the TPB (Theory of Planned Behavior) is a base for a significant number of Quantitative studies related to the influence of various factors on public perception. However, this fact clearly stated only in 11 articles.
As a result of the analysis, a scheme ( Figure 2 ) reflecting the main linkages between the considered groups of factors and their relationship with the public perception of CCS was drawn up. The following subsections discuss the findings for each of the mentioned groups.
Awareness
The approach to public awareness raising should be based on a detailed preliminary analysis, which will enable to identify specific socioeconomic characteristics of the public, their motives, and factors that can arouse interest in new knowledge. The studies define public awareness as one of the key factors providing an objective CCS perception and determining the degree of understanding of the technology. Nevertheless, the existing scientific background does not enable to determine the exact scope of information about CCS that would be exhaustive. This is important, as both insufficient and excessive information can lead to misunderstanding of the CCS fundamental principles. In addition, a certain misinterpretation of the facts, which some project stakeholders may be interested in, can appear a more efficient tool for them. In this case, the public can be misled, which will enable to achieve some short-term goals, but, in the long term, this can lead to open protests. To avoid potential misinterpretation of the facts, we consider it necessary to involve stakeholders who are independent from each other, and who will not allow a distortion of the real picture.
Knowledge
Promotion of the public understanding in the field of sustainable development, including global warming and the technologies used to fight it (for example, CCS), has a dual character. On the one hand, it enables involve more people in an open discussion, and, therefore, review potential risks and effects of CCS more thoroughly. On the other hand, this enables us to launch reframing of an environmentally balanced society development, which will include not only assessment of industrial environmental projects, but also an understanding of the individual responsibility of every person.
At the same time, it is necessary to have a clear idea of the sources, where the public knowledge originates from. If people do not have an opportunity to rely on expert opinion about the quality of a material, they will turn to the Internet, where information can be inconsistent and unreliable. As a result, during the project implementation, the stakeholders will have to fight against false judgments, rather than develop the required public knowledge, which seems to be a much more laborintensive activity.
When we talk about a specific project and the local public, the lack of reliable knowledge about CCS can become, on the one hand, an instrument of opposition in the fight against the project. On the other hand, it will allow unscrupulous stakeholders to deceive the local public in relation to key aspects of the project. Thus, dissemination of knowledge about the nature of technology among the local public is necessary to prevent possible conflicts.
Not in/under my back yard
The NIMBY effect is a natural reaction of a person to the unknown, in particular, to unfamiliar technologies such as CCS, which still remain poorly studied, especially, in the area of geological carbon dioxide storage. There are no methods eliminating this effect completely; however, it is possible to mitigate the negative perception of lay people, provided that it is identified in the early pre-project stages. This necessity is related to the explicit preferences of the local public for various process solutions at all stages of the CCS production chain. In addition, the NIMBY reaction can be reduced by provision of the most complete information about the Figure 2 . Main linkages between studied groups of factors and public perception of CCS.
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measures taken to ensure the safety of the local public, as well as the development of measures aimed to stimulate the local public.
Benefits and risks perception
It is the risks and benefits perception that underlies approval/disapproval of the CCS technology. At the same time, the perception of technology is more influenced by the perception of the benefits, whereas the perception of the risks is an indicator of a protest potential. This means that it is necessary to develop a single and considered policy governing all stakeholders' interaction with the public, which will allow to equally influence both of these factors.
All risks and benefits discussed in the reviewed articles can be divided into five groups (Table 9) . With regard to the benefits of technology, the environmental benefits of reducing greenhouse gas emissions are most often mentioned. In addition, a large number of articles highlight the benefits for society and for the project area (44 studies), such as job creation, the attraction of investments, etc. The study of risks is more common than benefits, due to the lack of knowledge about the technology and the lack of intrinsic public knowledge about its essence. At the same time, 70 articles refer to risks as consequences of CCS implementation but do not specify their nature.
Among the specific CCS risks (Table 10) , the most frequently mentioned is the risk of CO2 leakage. The second most frequently mentioned risk is the risk of failure to implement plans to reduce CO2 emissions. This risk includes one dual point -support for fossil fuels. This point is perceived both in terms of risks (continued use of environmentally harmful fuels) and in terms of benefits (the possibility of using cheaper energy without a significant impact on the environment). The least mentioned risks are usually considered in articles on the perception of CCS by local residents of the regions, where the projects are planned to be implemented.
Despite the results of this review, we should bear in mind that the expected benefits and the most important risks can differ by countries, regions, cities and even social classes. A certain impact on the risks and benefits perception can be ensured by a proper presentation of the technology, which will provide the public with fair information on the measures to be taken to assure its safety, and the benefits for the regions, where the projects will be implemented.
Socio-demographic factors
Socio-demographic factors determine a worldview of a person, his position in the context of global problems, understanding of the importance of individual responsibility for environmental protection. Most of these factors cannot be controlled and managed, and therefore, other CCS project stakeholders have to adapt their work methods to a specific target audience. At the same time, in most cases, a detailed study of its characteristics enables to determine potentially efficient options of interaction between stakeholders.
To prepare the acceptable methods of community engagement, we need to collect a considerable amount of information to characterize the target audience. We cannot prefer one information collection method over another, as the local public can include people of different ages, confessions, and worldviews. Nevertheless, the involvement of people, whom the local public trusts, can have a certain contribution to the collection of the necessary amount of reliable information. It is necessary to keep in mind that collection of socio-demographic data about the target audience is a normal pre-interaction stage, because other stakeholders need to know, who will be their partner in the project.
Willingness to pay for CCS
In the coming decades, the growth of energy rates is an inevitable trend, both in case of renewable energy development, and expansion of fossil fuels use with or without CCS. Nevertheless, the willingness to support technology that will accelerate the growth of energy rates is a significant barrier to large-scale implementation of CCS. This problem already exists in countries aware of CCS and is expected in those countries, where CCS is only at the initial stage of development.
Some studies show that a positive perception of the technology enables rising energy rates for the public on a voluntary basis; however, such growth is extremely limited and only possible in a few countries. In addition, the willingness to pay for the technology implementation is closely related to the quality of life; therefore, it is necessary not only to increase the technology attractiveness but also develop adequate socioeconomic incentives.
Trust
It seems that trust is a central element determining a positive perception of CCS technologies. It is the public trust in stakeholders that determined their readiness to consider a project implementation option. This can be observed even in the experience of Germany, where the CCS ideas themselves cause a negative public reaction. At the same time, earning of public trust is an extremely long and labor-intensive process, which largely depends on the experience of the interaction between lay people and the project stakeholders. In addition, in the case of the negative experience, it will be difficult to change the public opinion for the better. For example, such a situation exists in the relationships between the local public in some regions of Russia and local governmental authorities.
Acceptance and preferences between technologies
Objectively, in most countries, the CCS projects are less preferable as compared with renewable energy. However, the history of renewable energy development shows that its large-scale implementation started only as a result of balanced and aggressive marketing policy, and huge state support in a number of countries. As for CCS, in a number of studies, the respondents note that such supporting factors are not provided for these technologies. We can say that in countries where the ideas of a positive impact of the renewable energy development, confirmed by a number of successful projects, has been already established; CCS is CCS cannot achieve the goals of reducing CO2 emissions because of the lack of effectiveness and lack of facilities for storage. This is just a temporary solution that supports the use of fossil fuels.
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perceived as a competing technology, and its support is equivalent to a delay in the renewable energy development. However, it should be noted that the renewables cannot completely replace fossil fuels in the near future, given the current industry growth rates. This fact is rarely mentioned in the information materials for lay people. Additionally, CCS is not a direct competitor to renewable energy, as the purpose of this technology is to increase the environmental safety of fossil fuels, rather than replace them. Thus, on the one hand, it is necessary to eliminate the public misconception opposing these technologies. On the other hand, we should show the spheres of influence and contribution of each technology in the environmentally sustainable development of the society.
Governmental Policy and Interaction between stakeholders
The state environmental policy plays a defining role in the efficiency of further CCS development, as any innovative technology at the stage of its development needs substantial support. The experience of some countries shows that CCS can be actively implemented only with a longterm development strategy, which, among other things, determines a stakeholders' engagement procedure and their responsibilities.
For the public, successful implementation of the CCS projects largely depends on a well-coordinated work of all stakeholders with due consideration of their opinions. In addition, the arguments for lay people in favor of the CCS project implementation, which can cover ecological, technical, or economic issues, should be expressed by those stakeholders, whose goals the public approves, and whose opinion the public trusts.
Cross-country outlook
At the national level, there is a large huge number of factors that can influence the public perception of technology, its approval or willingness to protest against its implementation. At the same time, according to our review, these factors are difficult to reveal as they largely depend on the specific features of a region to be assessed, the mentality of the local public, actions of local and regional authorities, and other things. Even when several projects within the EU are assessed, we have to admit that the key factors of their performance are not exhaustive, and can have different importance when considering projects in other countries. Nevertheless, the main groups of factors remain the same: "benefits", "costs/risks", "climate change".
The necessity to identify specific factors suggests that the best starting point for promotion of the CCS technologies is to study socio-economic characteristics of the target audience, their views, and knowledge about the role of environmental projects, for example, by means of online surveys that showed good results in the international practice. This initial step will allow to find ways of achieving the balance of interests, which should be further discussed during dialogues and various sessions. On the one hand, it will enable to determine the necessary measures increasing a general level of awareness; on the other hand, it will enable to demonstrate the authorities' interest in the public opinion, and, consequently, improve the public trust in one of the key CCS stakeholders at the initial stage -the state. For example, one can use elements of the approaches to the Social Site Characterization proposed in [160] (main principles of public participation), and [161] (approach to the CCS project management).
Conclusion and further research
The analysis showed that the public is an important stakeholder of CCS projects, the opinion and needs of which should be taken into account. In this regard, it is necessary to improve the mechanism of interaction between stakeholders in order to find compromises at all stages of the project, starting with the planning of the site selection. Such improvements require an interdisciplinary approach and the identification of key goals for further development of research in this area. As such goals, it is possible to set the necessity of overcoming key barriers for the CCS implementation, which were identified in this review (Table 11) .
To overcome these barriers, it is necessary not only to find new ways of cooperation between stakeholders, but also to improve our knowledge about the possible consequences of this technology, to provide this new knowledge to the public, to create suitable economic conditions and to determine the necessity of CCS projects by comparison with other lowcarbon alternatives. At this step, it is necessary to mention a significant gap in our knowledge about alternative options of CO2 sequestration, such as CCUS and CCU, which also should be taken into account during the assessment of alternatives. The differences between these options should be widely discussed and investigated, because they have different CO2 management principles and organizational features [162] . These differences could also have a significant influence on a public perception of different CO2 sequestration options.
In terms of the geographical distribution of CCS public perception research, this review will form the basis of the first studies in the field of the CCS technologies promotion in Russia. Therefore, preparation of a sound plan for the development and promotion of the CCS projects is a relevant and up-to-date objective.
A positive feature of the Russian CCS projects development is the presence of a significant number of depleted oil fields located far from residential areas, which can be used for CO2-EOR. Production of additional oil volumes can have a positive effect on public perception [65] . In addition, a preliminary assessment of the CCS-EOR projects financial performance in Russia showed that they can be economically efficient under the current conditions [163] .
However, while the possibility of national companies' efficiency increase will be positively perceived by the public, this is not obvious for an environmental component of such projects. Usually, environmental pollution is a local problem of the regions; therefore, the same opinion can also be expressed regarding greenhouse gas emissions [164] . In particular, this situation is typical for Russia, which occupies a huge territory, where people are rather poorly informed about the events occurring at the other end of the country and even in neighboring regions [165] .
In addition, Russia needs to develop a compensation mechanism for the public and other stakeholders' risks at the expense of excess revenues from oil production; as the companies do not consider such risky and long-term projects, and they require state support in the form of socioeconomic mechanisms that require co-financing, insurance and/or implementation of a risk management system for the projects [147] . For this purpose, it is necessary to develop appropriate legislation in the field of CCS, as well as a general environmental policy [166] defining the responsibilities of each stakeholder. These measures will enable to protect the stakeholders' interests, and ensure financial security. The Table 11 . Key barriers for CCS implementation.
Barriers for CCS implementation
Number of studies Lack of public knowledge about CCS, misconceptions. 95
Lack of or poor communication strategy 82
Competition between alternative technologies 70
Lack of long-term policy of CCS implementation 57
Controversial economic efficiency, capital-intensity, weak market-based mechanism
55
Not enough studied the long-term effects of the technology 52
Lack of trust in some stakeholders 54
NIMBY reaction 38
Site selection and project design without taking into account the specific of locals
34
Appearance of protest potential due to negative public perception
25
Increase in price of energy 22
importance of such measures is determined by a dual nature of stakeholders (industry and NGOs) in the CCS projects. Firstly, they are interested in the project's implementation from their professional point of view. Secondly, they are the most competent experts in their disciplines, which can have a positive effect on the CCS public perception in Russia [35] .
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